The distribution of methane content in the coalbed is complex in the Qinshan Syncline of western Guizhou Province. Analyses of factors controlling on the distribution of gas content are made in this paper. Coal ranks and geo-structure in the region showed strong controls on the gas distribution. Coals with higher degree of metamorphism or located in syncline most likely have higher gas content. With the concept of coalbed methane content unite thickness (CBMCUT), those factors such as coal seam buried depth and coal structure present positive relations with gas content. Results indicated that the variation of CBMCUT is not fixed in different research areas or in different coal structures. Namely, the variation follows "v-shaped" correlation with the increasing coal buried depth in the region of Qinshan Syncline. However, the trend is smooth for the coals in the Panzhuang mining area. Usually, the critical value for primary-texture coal and mylonitized is different based on the analysis of the relationship between coal structure and CBMCUT in those two areas described above. The value is commonly higher in mylonitized coal and lower in those mainly primary-texture and fragmented coals.
INTRODUCTION
Coal-bed methane (CBM) can be thought as an important potential resource after changing from hazard to resource (Flores, 1998) and has been studied for many years since the late 20 th century (Bustin and Clarkson, 1998; Ding et al., 2011) . To assess the gas content and mining safety, the factors of controlling gas distribution has been Coal seams in the researched region are mainly characterized with middle ash and sulfur, but some deeper buried coals, such as Nos. 26 and 29, are extremely high sulfur coal. In the region, coal ranks varied from lean coal to anthracite. The content of vitrinite is high in coals, while the content of inertinite is relatively higher in the coal seams Nos. 3, 26 and 29 (Table 1) . Because of less water in coal strata of Qingshan Syncline, the transmissibility of water is weak, even in the faults developed zones. Therefore, the hydraulic connections among coal bearing strata, aquifers and different coal seams are extremely weak.
Multidisciplinary and systematic studies on the CBM are still needed. In this paper, we described and compared the different coal reservoir characteristics. The results will be used to identify the key factors that affect the coalbed methane content, especially the coal sturcture in the study region.
METHOD
The primary method we used was geophysical well logs and the gas content data of coalbed methane in the exploration. As we have known in the introduction, the coal structure in the researched area is complex due to effects of well-developed faults. Based on the coal seams development characteristics and structure striking in the region, data suites of the coal seam we choose from seven wells, which are at least five miles away from the nearest fault for avoiding the effect of geo-structure, were collected in the northwest (Fig. 1) . Langenberg et al. (2006) proposed that gas content multiplied by coal density is the gas-in place (GIP) and attempted to study the gas units. Coal rank is mainly lean coal and anthracite in the studied region, so coal density is almost the same. Hence, GIP in the region is disordered, showing the range with gas content. In order to study the gas range in vertical and identify the controlling factors, especially the effect of coal structure, we established a conceptual model, named as CBM content unit thickness (CBMCUT), will be developed in this paper, giving (1) Where, C′ is CBMCUT, m 3 /(t˙m); C is gas content, m 3 /t; h is apparent thickness, m. α is dip angle, °. It can be seen that C′ is mainly related with coal thickness and gas content. If coal thickness is a constant, C′ will be larger as gas content larger. If gas content is invariable, C′ will decrease as coal thickness increases.
Considering the previous technology, canister adsorptions of representative coal bench samples was determined following standard procedures (Chinese Stands MT-77-84). In addition, gas content of dry ash-free basis is chosen considering rejecting impact of ash production on gas content.
RESULTS AND DISCUSSIONS

Distribution of gas content in different coal seams
It is very interesting that the trend of gas content measured from the given wells ( Fig. 1) varies with the burial depth of the coal seam (Fig. 2) . Although the data used are limited and disordered, it generally follows "inverted V-shaped" rule. For example, gas content appears to increase when coal seams vary from coal seams Nos. 3 to 12, and decrease as changing from Nos. 12 to 17. While the gas content in the coal
Vertical diversity of coalbed methane content and its geological controls in the Qingshan syncline, western Guizhou province, China Table 2 ). In opinion of gas content, the gases varied as wave in the region could also be divided into more than two gas systems in vertical direction in the researched coal strata, which implies that the "unattached multiple superposed coalbed methane systems" (Liu, 2007; Qin et al., 2008) are developed in the Guizhou Province.
The effects of the distribution of the gas content 3.2.1. Coal seam buried depth
There are many factors influencing gas content, and the major factors are coal seam burial depth, structure, reservoir temperature, coal rank and so on (Lian et al., 2005; Fu et al., 2007) . The reservoir pressure increases with increasing burial depth of the coal seam, which is beneficial to the adsorption of CBM. The experiments reveal the gas adsorption capacity increases with the increasing pressure. Hence, the deeper coal seams with high pressure have a stronger adsorption capability and can release more gas with pressure relief. However, the results we have observed seem inconsistent with the theory both in the researched zone and abroad (ie. Petr et al., 2009) . Figure 3 shows that the observed data imply a weakly positive correlation between the gas content with the burial depth of coal.
Coal rank
Coal rank is one major factor that influences the gas content distribution. It has generally been assumed that total absorbable methane capacity increases with coal rank (Bustin, 1998) . In a recent research, Liu (2007) and Huang (2008) found that gas content is linear with coal rank in terms of the maximun vitinite reflectance (R o,max ). Yao et al. (2009b) researched four coal types (that is bright, semi-bright, semi-dull and dull coals) and revealed that the Langmuir volume (V L ) of those coals followed a "V-shaped" correlation with increasing coal rank. Considering that the coal rank increasing as the coal seam buried depth increasing, gas content will increase with increased coal buried depth. Therefore, there may be a linear or non-linear relationship between coal seams buried depth and gas content. The results show that, for the similar coal rank, gas content increases as the coal seam burial depth increasing (Fig. 4) . In the similar burial depth, for example, during the 500 to 900 meters, gas content in the anthracite is generally higher than one in the clean coals as shown in Figure 4 . Namely, the effect of coal buried depth on gas content distribution may be different from one seam to another and evaluation can only be made by comparing with all the given coals based on the similar coal rank even in the same coal rank. 
Geological structure
The geological structure is another important factor affecting gas content, where it is complex in the region studied (Fig. 1) . In this paper, we chose some special connecting wells as shown in the Figure 1 to minimize the effect of faults or folds. Unfortunately, there are still one sub-syncline and one sub-anticline in the researched zone according to the coal floor elevation in the vertical direction of connected wells (Fig. 5 ). The vertical difference is about 600 m between axis of subsyncline and sub-anticline in the same coal seam. Generally, the gas distribution consistent with the change of gas content in anticline with developed fractures and inefficient cover is much lower than that in syncline based on a study of the gas contents distribution in the Jincheng mine. For example, gas content in sub-syncline is obviously higher than that in sub-anticline in the same coal (Fig. 5) . The structures show a strong control on the distribution of gas content in the coalbed. With similar effect in structure in the same well, gas content increases as the coal buried depth increasing in theory. That is to say, gas content in the coal seam No. 29 is the highest while lowest in coal seam No. 3. However, there is an exception for the results in this study, that is, the gas content in coal seam No. 29 is almost the least among all coal seams.
3.2.4.Coal thickness
Coal body properties (especially the coal thickness) can induce an important influence on accumulating of methane. By contrasting the coal thickness (Fig. 5) , it can be seen that coal seams thickness near wells 3105 and 4302 is relatively thicker, while much thinner near wells 2306 and 3607. This shows sub-structure have a certain influence on coal thickness. In this region, for example, the gas content of coals measured from well 3401 is the lowest in coal seam No. 12 and the highest in No. 17 (Fig. 6) , where the coal ranks are similar with different coal thicknesses (No. 3 is the thinnest, and No. 29 is the thickest). It implies that there may be an apparent relationship between gas content and coal thickness in the wells we have chosen in this study. Figure 5 . Floor elevation of coal seam and the gas content.
Coal structure
Coal structure is significant in research for the prevention of the gas outburst and safe mining (ie. Yang and Guo, 1997) . Classification of coal structure was investigated for many years using geophysical logging (ie. Long et al., 1999; Fu et al., 2007; Tang et al., 2004 Tang et al., , 2005 Fu et al., 2009b) . In this paper, we used the classification system established by Fu et al. (2009b) . In the survey of coal exploration, coal structure of the coal seams Nos. 3 and 12 were mainly granulated (Type III) or even mylonitized (Type IV), while the coal seams Nos. 17, 19, 26 and 29 were featured by rich of primary-texture (Type I) and fragmented (Type II) coals. Generally, the coal seams in the region were more seriously affected by the tectonic movement in the upper than that in the bottom of Longtan Formation. Though the results of isotherm adsorption experiments are different for different coal structure samples (Zhang et al., 2009) , the distribution of gas content seems not significantly affected by the coal structure (Fig. 2). 
CBM content unit thickness (CBMCUT)
For the coals analyzed in this study, the CBMCUT values follow a "v-shaped" correlation with increasing coal seam buried depth, where the minimum mainly occurs the depth varying from 500 m to 700 m, mainly corresponding to coal seams Nos. 17 and 19 coal seams; the maximum generally occurs in coal seams Nos. 3, 12, 26 and 29 coal (Fig. 7) . The results from physical loggings technology in 3410 well proved that the coal structure of coal seam No. 3 is mainly comprised from mylonitized (Type IV) (Fig. 8) . CBMCUT of mylonitized coal is different from that of the primary-texture and fragmented coals, especially in primary-texture coal which is under 4 m 3 /(t˙m). Variation of the CBMCUT values of mylonitized and fragmented coals is complicated, but it is hardly higher than 8 m 3 /(t˙m) for fragmented coals. As shown in Figure 9 , CBMCUT decreases as coal thickness increases, this is similar with the relationship between relative gas emission rate and coal thickness (Liu 12 coal seams) is higher than that of primarytexture coal (e.g. Nos. 17 and 19 coal seams). Comparing the CBMCUT with the coal structures, it indicates that coal thickness affects the ability of resisting tectonic destruction and makes strong impacts on the structures of coal seams. Taking both CBMCUT and coal thickness into account, it shows that different coal thickness developed different coal structures. The tectonic coal is usually developed when the coal thickness varies from 1 to 2 m. But the primary-texture coal was mainly formed when thickness is about 5 m, which are not similar with the phenomenon as reported (Jiu, 2002; Shao, 2010) . However, if coals do not display plastic flow, the performances of resistance damage in thinner coals are worse with the same tectonic stress. Then, the possibility of coals to be granulated and mylonitized would be higher in the thinner thickness coals.
CONCLUSIONS
A comprehensive analysis of coalbed gas content and the geological conditions in the selected region was carried out in this study. The results indicate that coal rank, coal seam buried depth and the geo-structure are important factors influencing the gas distribution. Generally, the CBM content is increasing as the coal rank increasing. Although the relationship between CBM content and coal seam burial depth is scattered, the CBM is apparently increasing as the coal seam buried depth increasing when the coal rank and coal thickness are considered. The relationship between gas content and the coal structure is not clear in region without considering the coal thickness. Complicated relationships among gas content, coal ranks and coal seam buried depth indicate that evaluation of the CBM content needs a uniform standard or index, which can be established based on the same rank or the similar coal seam buried depth or the unit thickness, etc. To establish such an index, the CBM content unit thickness (CBMCUT) was proposed and applied to analyze the variation of gas content in unit thickness. It varies following a "V-shape" in Qingshan Syncline while changing as stages in the Jincheng Mine. The CBMCUT can present various performances in different researched zones as a function of the coal seam buried depth. Coal structure is important for CBM exploitation in terms of the permeability and engineering stability. The CBMCUT index is higher in mylonitized coal than that in others coal structures. With the new index which represents a simple and effective method, it is easy to identify Types I and IV coal structure in the coal seams though the threshold will be differenced in different studied regions. The correlation method developed in this study could be applied to exploration and evaluation of CBM reservoir in the coalfields.
